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2 Mro´z et al.
High-cadence observations of the Galactic bulge by the microlensing surveys led to
the discovery of a handful of extremely short-timescale microlensing events that can
be attributed to free-floating or wide-orbit planets. Here, we report the discovery
of another strong free-floating planet candidate, which was found from the analysis
of the gravitational microlensing event OGLE-2019-BLG-0551. The light curve of
the event is characterized by a very short duration (. 3 days) and a very small
amplitude (. 0.1 mag). From modeling of the light curve, we find that the Einstein
timescale, tE = 0.381 ± 0.017 day, is much shorter, and the angular Einstein radius,
θE = 4.35±0.34µas, is much smaller than those of typical lensing events produced by
stellar-mass lenses (tE ∼ 20 days, θE ∼ 0.3 mas), indicating that the lens is very likely
to be a planetary-mass object. We conduct an extensive search for possible signatures
of a companion star in the light curve of the event, finding no significant evidence
for the putative host star. For the first time, we also demonstrate that the angular
Einstein radius of the lens does not depend on blending in the low-magnification
events with strong finite source effects.
Keywords: Gravitational microlensing (672); Gravitational microlensing exoplanet
detection (2147); Finite-source photometric effect (2142); Free floating
planets (549)
1. INTRODUCTION
Gravitational microlensing is the only technique that allows us to detect low-mass
rogue (free-floating) planets, that is, planetary-mass objects that are not gravita-
tionally tethered to any star. Microlensing events caused by free-floating planets
are characterized by small angular Einstein radii (θE . 10µas) and extremely short
timescales (tE . 1 day), rendering them difficult to detect and requiring frequent
photometric observations (with a frequency of ∼ 10 per night per site or higher).
Mro´z et al. (2017) created an unbiased sample of 2617 microlensing events observed
at a high cadence by the Optical Gravitational Lensing Experiment (OGLE) survey
(Udalski et al. 2015) and discovered an excess of six short-timescale (tE . 0.5 day)
microlensing events that can be attributed to Earth- and Neptune-mass objects.
Timescales of microlensing events depend on their angular Einstein radius θE and
relative lens-source proper motion µrel:
tE =
θE
µrel
, (1)
making it possible that an unusually high proper motion results in very short
timescales. Here θE =
√
κMpirel, where κ = 8.144 masM
−1
 , M is the lens mass,
and pirel is relative lens-source parallax.
Luckily, it was possible to measure θE in a handful of short-timescale events (e.g.,
OGLE-2012-BLG-1323, tE = 0.155 ± 0.005 day, θE = 2.37 ± 0.10µas; OGLE-2016-
BLG-1540, tE = 0.320±0.003 day, θE = 9.2±0.5µas; Mro´z et al. 2018, 2019b) thanks
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to finite source effects and, therefore, to confirm that their short timescales result from
small Einstein radii of the lensing objects. Finite source effects are observed whenever
the limb of the source passes over/near the position of the lens (Gould 1994; Witt &
Mao 1994; Nemiroff & Wickramasinghe 1994). We expect that microlensing events
due to planetary-mass objects should exhibit strong finite source effects because as
the mass of the lens gets smaller, the angular Einstein radius becomes comparable to
angular radii of the source stars (Bennett & Rhie 1996). In particular, if the angular
size of the star being lensed is much larger than the angular Einstein radius, the
maximal magnification is suppressed (Witt & Mao 1994; Gould & Gaucherel 1997),
Amax → 1 + 2
(
θE
θ∗
)2
if θE  θ∗, (2)
where θ∗ is the angular radius of the source. This is the case in microlensing events
OGLE-2012-BLG-1323 and OGLE-2016-BLG-1540, both of which occurred on large
giant sources.
Unfortunately, microlensing observations alone are usually not able to distinguish
between free-floating and wide-orbit planets (Han & Kang 2003; Han et al. 2005).
For a few published microlensing events probably due to free-floating planets, we
may provide only lower limits on the projected separation of the putative host stars,
which are on the order of 5–10 au, depending on their distance (Mro´z et al. 2018,
2019b).
Owing to large orbital separations and long orbital periods, detecting and measuring
the frequency of (bound) wide-orbit planets is challenging. Exoplanet direct imaging
surveys enable discovering the most massive giants planets, with the estimated occur-
rence rate of 11+11−5 % (between 1−20MJup and 5−5000 au, around nearby stars; Baron
et al. 2019) or 9+5−4% (between 5−13MJup and 10−100 au, around M > 1.5M stars;
Nielsen et al. 2019). A few wide-orbit low-mass planets were detected in microlens-
ing events OGLE-2008-BLG-092 (s = 5.3; Poleski et al. 2014), OGLE-2011-BLG-0173
(s = 4.6; Poleski et al. 2018), and KMT-2016-BLG-1107 (s = 3.0; Hwang et al. 2019),
where s is the projected separation in Einstein radius units. These values correspond
to physical separations from 7 to 15 au and parameters of OGLE-2008-BLG-092Lb
are at the edge of current limits of detecting putative hosts of free-floating planets.
Recently, the DSHARP project (Andrews et al. 2018) published deep, high-resolution
images of 20 nearby protoplanetary disks, which show annular substructures that are
believed to result from planet–disk interactions (Huang et al. 2018; Zhang et al. 2018)
(although it should be noted that other mechanisms, such as pebble growth near the
snowlines (Zhang et al. 2015; Okuzumi et al. 2016) or magneto-rotational instability
(Flock et al. 2015) may also produce gaps and rings in protoplanetary disks). Using
DSHARP observations, Zhang et al. (2018) inferred that about 50% of analyzed stars
host a Neptune- to Jupiter-mass planet beyond 10 au.
If the projected separation between a planet and its host star is much larger than the
Einstein radius of the system (i.e., s 1), the microlensing light curves will look like
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that of a single object, unless the trajectory of the source happens to pass near both
components. In that case, we expect to detect a second low-amplitude brightening
in the event light curve due to the host star well before or after the main event. It
is also possible to identify wide-separation planetary events from the signature of the
planetary caustic near the peak of the light curves. For example, Han et al. (2020a)
conducted a systematic search for short-timescale microlensing events exhibiting finite
source effects. A detailed modeling of one of these events, OGLE-2016-BLG-1227,
revealed low-amplitude (∼ 0.03 mag) residuals from a single-lens light curve, most
likely due to a low-mass host star (Han et al. 2020b).
In principle, one may distinguish between wide-orbit and free-floating planets from
high-resolution images taken well after the event, when the lens and source separate.
This is challenging in case of detected free-floating planet candidates because the
sources are bright giant stars, and so the high contrast renders detection of putative
stellar companions difficult. However, this will become routine with the advent of
adaptive optics (AO) on 30 m class telescopes (e.g., Gould 2016). Indeed, all free-
floating planet candidates to date can be checked for putative hosts at the first AO
light on any of these telescopes. While distinguishing between free-floating and wide-
orbit planets in case of individual microlensing events is nearly impossible at present,
the relative frequency of these objects can in principle be constrained in a statistical
sense once a large sample of short-timescale events is found and characterized.
After our earlier discoveries of ultra-short-timescale microlensing events exhibiting
finite source effects (Mro´z et al. 2018, 2019b), we have continued the search for similar
events in data from the 2019 observing season. Here, we report the discovery of
another free-floating planet candidate discovered in the microlensing event OGLE-
2019-BLG-0551 (tE = 0.381± 0.017 day, θE = 4.35± 0.34µas).
2. DATA
The microlensing event OGLE-2019-BLG-0551 occurred on a bright star located
toward the Galactic bulge fields. The equatorial coordinates of the source are (R.A.,
Decl.)J2000 = (17
h59m28.s74, −28◦50′25.′′8), which correspond to the Galactic coordi-
nates (l, b) = (1.626◦,−2.563◦). The source is a bright giant with a baseline magnitude
of I = 13.71± 0.01 and color V − I = 2.45± 0.02.
The magnification of the source flux induced by lensing was first found by the OGLE
Early Warning System (Udalski 2003) on 2019 April 27 (HJD′ = HJD − 2450000 ≈
8600) and the discovery was notified to the microlensing community. Two days later
(HJD′ ≈ 8602), the event was independently identified by the Korea Microlensing
Telescope Network (KMTNet; Kim et al. 2016) and it was designated as KMT-2019-
BLG-0519 in the KMTNet event list. The OGLE survey is conducted utilizing the
1.3 m Warsaw telescope located at Las Campanas Observatory in Chile. The telescope
is equipped with a mosaic camera that consists of 32 2k × 4k detectors, yielding a
1.4 deg2 field of view with a single exposure (Udalski et al. 2015). The KMTNet
A rogue planet in the microlensing event OGLE-2019-BLG-0551 5
survey uses three identical 1.6 m telescopes that are globally distributed at the Siding
Spring Observatory in Australia (KMTA), Cerro Tololo Interamerican Observatory
in Chile (KMTC), and the South African Astronomical Observatory in South Africa
(KMTS). Each of the KMTNet telescopes is equipped with a camera consisting of
four 9k× 9k chips, yielding 4 deg2 field of view. For both surveys, images are mainly
taken in the I band and a small subset of images is obtained in the V band for the
source color measurements.
Photometry of the data was conducted using the pipelines developed by the indi-
vidual survey groups: Udalski (2003) for the OGLE survey and Albrow et al. (2009)
for the KMTNet survey. These pipelines are based on the difference imaging method
(Tomaney & Crotts 1996; Alard & Lupton 1998; Woz´niak 2000). For the source color
measurement, additional photometry was conducted using the pyDIA code (Albrow
2017) for a subset of the KMTC data set. For the data used in the analysis, error
bars from the photometry pipelines were readjusted following the routines described
in Yee et al. (2012) and Skowron et al. (2016).
3. SINGLE-LENS MODELS
The principal microlensing parameters of the event can be estimated from its light
curve without the need of detailed modeling (Figure 1). The amplitude of the event
(0.1 mag) corresponds to the normalized source radius ρ = θ∗/θE ≈ 4.6 according to
equation (2), whereas its duration ∆t = 2.8 days is related to the Einstein timescale
tE ≈ ∆t/2ρ ≈ 0.3 day.
We modeled the light curve of the event using an extended source single-lens model
with magnifications calculated using the approach of Bozza et al. (2018). In addition
to tE and ρ, this model has two geometric parameters, t0 and u0, which describe the
moment and separation (in Einstein radius units) during the closest approach between
the lens and the center of the source. To describe the surface brightness profile of
the source star, we assumed a one-parameter limb-darkening law with Γ = 0.56
(Section 5). We also tested two-parameter limb-darkening profiles, but using these
did not improve the quality of the fits. For the modeling we use the Markov Chain
Monte Carlo (MCMC) sampler by Foreman-Mackey et al. (2013).
There are additional parameters, two for each observatory, which describe the source
(Fs) and unmagnified blended (Fb) flux. When we allowed both Fs and Fb to vary,
we found that the source radius ρ, event timescale tE, impact parameter u0, and
blending parameter fs = Fs/(Fs + Fb) are severely correlated. This is not surprising
because the blended light would suppress the real magnification, and so—via equation
(2)—would affect the normalized source radius. While low values of the blending
parameter (fs < 0.2) are excluded by the data, its exact value is poorly constrained,
fs = 0.34
+0.44
−0.10 (see Table 1). In particular, solutions with no blending (fs = 1) are
disfavored by only ∆χ2 = 1.2 relative to the best-fit solution, which can be easily due
to the noise in the data.
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Figure 1. Light curve of the microlensing event OGLE-2019-BLG-0551. Upper panel: full
light curve from the 2019 observing season. Lower panel: close-up of the event. Black line
is the best-fitting extended source point-lens model.
In the best-fit solution, the source and blend have I-band magnitudes of 15.25 and
14.03, respectively. Such bright stars are relatively rare and the prior probability
of having them blended is extremely small. For example, image-level simulations of
Mro´z et al. (2019a) (their Figure 7) showed that the distribution of fs of bright stars
is bimodal: either the entire flux comes from the source (fs ≈ 1) or the source is sig-
nificantly fainter than the blend (fs ≈ 0) (see also Smith et al. 2007 and Wyrzykowski
et al. 2015).
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Table 1. Best-fitting Single-lens Model Parameters
Single Lens Single Lens
w/o Blend Prior w/ Blend Prior
Microlensing model
t0 (HJD’) 8600.584± 0.011 8600.586± 0.011
tE (days) 0.505
+0.071
−0.102 0.381± 0.017
u0 1.01
+1.49
−0.71 3.02± 0.16
ρ 2.73+1.27−0.45 4.49± 0.15
Is 14.91
+0.37
−0.90 13.73± 0.07
fs 0.34
+0.44
−0.10 0.99± 0.06
χ2/dof 11889/11006 . . .
Source star
Is,0 13.79
+0.37
−0.90 12.61± 0.06
(V − I)s,0 1.49± 0.02 1.49± 0.02
Teff (K) 4000± 200 4000± 200
Γ (limb-darkening, I band) 0.56 0.56
θ∗ (µas) 11.4+5.9−1.8 19.5± 1.6
Physical parameters
θE (µas) 4.23± 0.34 4.35± 0.34
µrel (mas yr
−1) 3.01+0.86−0.36 4.17± 0.35
We combined OGLE and Hubble Space Telescope (HST ) observations (Brown et al.
2009, 2010) of a nearby HST “Stanek” field to derive the empirical distribution of
blending parameter of bright stars. We cross-matched individual stars detected on
the HST image with stars on the OGLE reference image. We subsequently calculated
the ratio of their flux FHST to the total flux of the object detected on OGLE template
image FOGLE. The blending parameter is simply the ratio fs = FHST/FOGLE. We
used this empirical distribution as a prior on fs = 1.00± 0.06. The resulting param-
eters (Table 1) are much better constrained and are consistent with our approximate
estimates based on the amplitude and duration of the event.
We note that the physical interpretation of both models (with and without the
prior on blending) is nearly identical (tE ≈ 0.4− 0.5 day and θE ≈ 4.2− 4.4µas). In
particular, it is noteworthy that the angular Einstein radii are virtually the same in
both models. We explain these facts in Section 5.2.
4. BINARY-LENS MODELS AND VARIABILITY OF THE SOURCE
We also carried out an extensive search for binary-lens solutions. The event does not
show very clear departures from the point-lens model, but it is important to search
for a possible host of the planet, i.e., fit the binary-lens model. To parameterize the
binary-lens model we need three additional parameters: a mass ratio (q) and two
parameters defining the geometry of the event – projected separation in units of θE
(s) and angle between the lens axis and the source trajectory (α). For the binary-lens
model fitting, we use the parameters that are directly constrained by the data. Thus,
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Figure 2. Upper panel: comparison between the single- (dashed line) and binary-lens
(solid line) models. Lower panel: cumulative distribution of ∆χ2 between these models.
we define parameters t0 and u0 relative to the approximate position of the planetary
caustic (s − 1/s relative to the host star; Han 2006). We also use t? = ρtE (source
radius crossing time) instead of ρ, and tE,planet = tE
√
q/(1 + q) (Einstein timescale
corresponding to the mass of planet) instead of the Einstein timescale relative to the
total mass of the binary lens (tE).
We calculate finite-source binary-lens magnifications using the method by Bozza
(2010) and Bozza et al. (2018) as implemented in MulensModel package (Poleski
& Yee 2019). We define a wide grid in (s, q) and run separate MCMC (Foreman-
Mackey et al. 2013) chains with fixed (s, q) at every point in the grid. We ignore
limb-darkening effects in the grid calculations. The local solutions from the grid
search were once more refined using MCMC but this time all parameters were fitted
and limb-darkening was taken into account.
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Figure 3. Archival OGLE light curve of OGLE-2019-BLG-0551 from observing seasons
2011, 2012, 2016, and 2017. The source star exhibits low-amplitude (< 0.01 mag) variability
on timescales of a few tens of days.
There are two degenerate binary-lens models differing by ∆χ2 = 8.5 because the
source can pass the planetary caustic on either of the two sides (Gaudi & Gould 1997).
Here we report results for the model with smaller χ2. The best-fitting binary-lens
model is nearly identical to the single-lens model, except of a low-amplitude “bump”
(∼ 0.005 mag) due to the host star with a maximum ∼ 15 days after the main event.
See the upper panel of Figure 2. Formally, the binary-lens model is preferred over the
single-lens model by ∆χ2 = 381 (Table 2). However, the source exhibits irregular low-
amplitude variability in the archival data (Figure 3), and such variations are typical
for red giant stars. The amplitude and timescales of these variations are similar to
those of the “bump” after the event. This raises the possibility that much (if not all)
of the χ2 improvement is due to variability of the source.
To check this possibility, we plotted the cumulative distribution of ∆χ2 between
the best-fitting binary- and single-lens models for the individual data sets (lower
panel of Figure 2), which contribute to the χ2 improvement by ∆χ2 = 31 (OGLE),
∆χ2 = 34 (KMTC), ∆χ2 = 183 (KMTS), and ∆χ2 = 133 (KMTA). This indicates
that the “bump” in the light curve is indeed real. The largest χ2 improvement can be
attributed to data points collected during 8612 < HJD′ < 8622. However, according
to the binary model, measurements taken during 8605 < HJD′ < 8612 should also be
slightly magnified, which contradicts the OGLE data (and hence the cumulative ∆χ2
decreases during that time). The overall shape of the cumulative ∆χ2 distribution
suggests that the shape of the “bump” in the light curve of the event does not match
that expected from the microlensing model and is likely due to low-level variability
of the source star.
To check how well the source variability may mimic microlensing signal from the
host star, we fitted simple point-lens point-source models to the archival OGLE light
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Table 2. Best-fitting Binary-lens Model Parameters
Parameter Value
t0 (HJD’) 8615.75± 0.51
tE (days) 2.17± 0.32
u0 3.41± 0.47
t∗ (days) 0.67± 0.15
q 0.043± 0.011
s 8.39± 1.06
α 3.631± 0.040
χ2/dof 11508/11003
Note: All parameters are relative to the center of mass of the lens.
curves from seasons 2011 to 2018 (Figure 3). We found that they may be formally
preferred over the constant brightness models by as large as ∆χ2 = 588 (“bump”
at HJD′ ≈ 6024), 193 (HJD′ ≈ 6180), or 127 (HJD′ ≈ 7938). This demonstrates
that the χ2 improvement due to the “bump” at HJD′ ≈ 8615 (which is a sum of
contributions from OGLE and three KMTNet observatories) can be easily explained
by the variability of the source.
We also note that the parameters of the binary lens-model (tE = 2.17 ± 0.32 days,
q = 0.043± 0.011) correspond to a priori unlikely physical configuration consisting of
a super Jupiter-mass planet (or a brown dwarf) orbited by a Neptune-mass object.
This supports the idea that the “bump” in the OGLE-2019-BLG-0551 light curve is
caused by the variability of the source star.
5. PHYSICAL PARAMETERS
5.1. Source star
With the normalized source radius ρ measured from the light curve of the event, we
estimate the angular Einstein radius using the relation
θE =
θ∗
ρ
. (3)
For this, we first estimate the angular source radius, θ∗, based on the de-reddened
source color (V − I)s,0 and brightness Is,0, using the standard method of Yoo et al.
(2004). We first locate the source in the calibrated color–magnitude diagram (CMD),
measure the offsets of the source in color, ∆(V − I), and brightness, ∆I, from the
centroid of the red giant clump in the CMD, and then estimate (V − I)s,0 and Is,0
using the relation
(V − I, I)s,0 = (V − I, I)RC,0 + ∆(V − I, I). (4)
Here (V − I, I)RC,0 = (1.06, 14.37) denote the known values of the de-reddened color
and brightness of the red clump centroid (Bensby et al. 2011; Nataf et al. 2013).
In Figure 4, we present the locations of the source (blue square) and the red clump
centroid (red circle) on the calibrated CMD of stars around the source. The color
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Figure 4. Calibrated color–magnitude diagram of stars within 2′ of OGLE-2019-BLG-0551.
and brightness of the source are (V − I, I) = (2.45± 0.02, 13.73± 0.06) and those of
the red clump centroid are (V − I, I)RC = (2.02, 15.49). Here, we assumed that the
source color is the same as the color of the baseline object. To test this assumption,
we used pyDIA reductions of a subset of KMTC data covering the event both in
the I and V bands to calculate the source color for each link of our MCMC chain.
The mean instrumental source color in our model is V − I = 2.56 ± 0.03, whereas
the mean instrumental color of the “baseline object” is V − I = 2.57 ± 0.02, which
justifies our assumption. The agreement of baseline object and source colors argues
extremely strongly against significant blended light, since the blend would have to
have essentially the same color as the source, which is extraordinarily red.
With the measured offsets in color and brightness, ∆(V − I, I) = (0.43,−1.76), we
can estimate that the source has a de-reddened color and brightness of
(V − I, I)s,0 = (1.49± 0.02, 12.61± 0.06). (5)
The measured color and brightness indicate that the source is a giant star with a
spectral type K4 and effective temperature Teff = 4000 ± 200 K (Houdashelt et al.
2000). The corresponding limb-darkening coefficients Γ are 0.56 and 0.81, in the I and
V bands, respectively (Claret & Bloemen 2011). With the measured (V − I)s,0 and
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Is,0, we estimate the angular source radius from the color–surface brightness relation
of Adams et al. (2018) for giants: θ∗ = 19.55 ± 1.57µas (which is valid in the range
of −0.01 < V − I < 1.74).
5.2. Angular Einstein radius
The angular Einstein radius is estimated as
θE =
θ∗
ρ
= 4.35± 0.34µas, (6)
which makes it the second lowest known θE of short-timescale events (after OGLE-
2012-BLG-1323: θE = 2.37± 0.10µas). Together with the measured event timescale,
the relative lens-source proper motion is estimated as
µrel =
θE
tE
= 4.18± 0.35 mas yr−1. (7)
All physical parameters of the lens are summarized in Table 1.
We noted in Section 3 that the values of the angular Einstein radius in our single-lens
models with and without prior on blending are virtually the same. Here we explore
mathematical reasons explaining this coincidence. Let I0 and Is be the baseline and
source magnitudes, respectively. From the Pogson’s law, I0 − Is = 2.5 log fs (Pogson
1856), where fs is the dimensionless blending parameter (Section 3). The only way
the brightness of the source affects the physical parameters of the model is via angular
size of the source,
θ∗ = θ∗,0 · 100.2(I0−Is) = θ∗,0
√
fs, (8)
where θ∗,0 is the angular radius of the source corresponding to no blending. (We
assume that blending does not affect the color of the source. This will always be the
case when the source color is determined from regression. In the present case, we are
using the color of the baseline object, but we found in Section 5.1 that it is consistent
with the source color measured from the microlensing model.)
Blending tends to lower the amplitude of the event. Equation (2), in the presence
of blending and assuming no limb-darkening, can be rewritten as
Amax = 1 + 2fs
(
θE
θ∗
)2
= 1 +
2fs
ρ2
. (9)
The amplitude of the event is well measured from the light curve. Therefore
ρ =
√
2fs
Amax − 1 = ρ0
√
fs, (10)
where ρ0 denotes the normalized source radius corresponding to no blending. Equa-
tions (8) and (10) explain why the value of the angular Einstein radius θE = θ∗/ρ =
θ∗,0/ρ0 is insensitive to the changes of the blending parameter.
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Figure 5. Gaia DR2 proper motions of stars within 4′ of OGLE-2019-BLG-0551. Blue
contours correspond to main-sequence stars (which represent the Galactic disk population)
and red contours to giants (bulge population). The source is marked with a black dot.
The lens should be located on the dashed circle, which radius corresponds to the relative
lens-source proper motion of 4.17 ± 0.35 mas yr−1. Solid contours enclose 68% and 95% of
all objects.
In fact, the independence of the θE estimate from blending stems from a much
simpler principle. If a lens with θE transits a source with θ∗  θE, then to zeroth
order, the excess flux ∆F is given by
∆F = 2piS0θ
2
E, (11)
where S0 is the surface brightness of the source at the lens center. Therefore, if S0 is
known (from the color of the source), then
θE =
√
S0
2pi∆F
(12)
can be derived from purely empirical quantities, without any knowledge of either θ∗
or ρ (provided it is known that θ∗  θE).
5.3. Proper motion of the source
Additional information about the source and lens can be obtained from the second
Gaia data release (DR2; Gaia Collaboration et al. 2016, 2018). Figure 5 presents
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Gaia DR2 proper motions of stars within 4′ of OGLE-2019-BLG-0551. Blue dots
and contours correspond to main-sequence stars (which represent the Galactic disk
population), whereas giants (Galactic bulge population) are marked in red. The
proper motion of the source (µE = −5.07±0.20 mas yr−1, µN = −3.50±0.15 mas yr−1)
is consistent with that of bulge stars.
Thanks to the detection of finite source effects, we were able to measure the relative
lens-source proper motion of 4.17 ± 0.35 mas yr−1. Thus, the lens should be located
on the dashed circle in Figure 5, and the proper motion of the lens is consistent with
that of both Galactic disk and bulge stars.
6. DISCUSSION AND CONCLUSIONS
After the discovery of a handful of ultra-short-timescale microlensing events ex-
hibiting strong finite source effects in the archival data (Mro´z et al. 2018, 2019b), we
continue the search for similar events among microlenses detected in real time by the
OGLE Early Warning System (Udalski 2003). OGLE-2019-BLG-0551 was identified
as a promising candidate soon after its public announcement in 2019 April, based on
its short duration and low amplitude. However, the detailed analysis of the event was
postponed until the end of the observing season to track the evolution of the light
curve, as possible signatures from the putative host star may become apparent weeks
to months after the main event.
The light curve of the event can be well described by the extended source single-lens
model with an Einstein timescale tE = 0.381±0.017 day that is much shorter, and an
angular Einstein radius θE = 4.35±0.34µas that is much smaller than those of typical
microlensing events produced by stellar-mass lenses (tE ∼ 20 days, θE ∼ 0.3 mas). In
fact, this lens has the second lowest θE of known short-timescale events. This indicates
that the lens is likely to be a planetary-mass object, although its mass cannot be
unambiguously determined because the relative lens-source parallax pirel is unknown:
M =
θ2E
κpirel
= 7.7M⊕
0.1 mas
pirel
. (13)
The lens may be a sub-Neptune-mass planet in the Galactic disk (pirel ≈ 0.1 mas) or a
Saturn-mass object located in the Galactic bulge (pirel ≈ 0.01 mas). When tE and θE
are known from the light curve, the mass of the lens can be in principle constrained
using the Bayesian analysis based on priors on the mass function of lenses and priors
on the Galactic structure and kinematics. Because of the extreme nature of this
event, we chose not to carry out the Bayesian mass estimate.
We cannot rule out the possibility that the lens orbits a distant companion star.
We conducted an extensive search for possible binary-lens solutions, which could in
principle have revealed the signal from the companion star. Although we found that
the binary-lens model is formally preferred over the single-lens model by ∆χ2 = 381,
we argue that the entire χ2 improvement can be explained by the low-level variability
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of the source, which is apparent in the archival OGLE light curve. Thus, we do not
find any significant evidence for the host star.
If there exists a host star and it is luminous, it may be detected in the future, when
the lens and source separate. Because the source star is extremely bright, a separation
of about 2 FWHM is required. Such separation will be achieved after
δt = 3.4 yr
(
µrel
4.18 mas yr−1
)−1(
λ
1.1µm
)(
D
39 m
)−1
, (14)
where λ is the wavelength of the observation and D is the diameter of the mirror.
Thus, this method can be applied at the first light of AO from any of the planned
extremely large telescopes.
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